The synthesis of oxygen-and nitrogen-substituted indanes was successfully performed by iodine(III)-mediated ring contraction of 1,2-dihydronaphthalenes. Acetoxy and benzoyloxy alkenes afforded indanes in 60-71% yield, irrespective of their position on aromatic ring. Similarly, the nitrogen containing substrates protected with 9-fluorenylmethyloxycarbonyl (Fmoc) and benzoyl (Bz) groups smoothly undergoes ring contraction giving indanes in 64-77% yield. The tosyl-protected substrate resulted only in addition products.
Introduction
Indane skeleton occurs in many biologically active natural products 1, 2 and pharmaceuticals, constituting an important target in organic synthesis and in drug discovery. 3 Numerous synthetic methodologies have been developed to construct indane core including cyclization, [4] [5] [6] cycloaddition, [7] [8] [9] and rearrangements. [10] [11] [12] [13] Indanes substituted in the aromatic ring by nitrogen [14] [15] [16] [17] [18] or by oxygen 2, [19] [20] [21] [22] are present in compounds with promising biological activities. Hypervalent iodine reagents play a substantial role in chemical synthesis, promoting efficiently carbon-carbon bond formations, rearrangements and functional group interconversions, including asymmetric versions for many reactions. [23] [24] [25] [26] [27] [28] The iodine(III)-mediated ring contraction of 1,2-dihydronaphthalenes gives functionalized indanes (Scheme 1, 1a). 13, 29 This transformation was successfully employed in total syntheses, such as (+)-mutisianthol, 30 (±)-indatraline, 29 and (+)-trans-trikentrin A. 31 Although the reactivity of several substrates was investigated under many conditions, the tolerance for substitution at aromatic ring was not high. For example, methoxy-substituted substrates furnished the desired indanes in low yield and additionally the main product were those related to the addition of solvent, as exemplified by the behavior of compound 1b. Motivated by the importance of oxygen-and nitrogensubstituted indanes, we herein show the ring contraction of additional 1,2-dihydronaphthalenes with iodine(III).
Results and Discussion
The preparation of the required substrates was performed as described in the following paragraphs. The protected amine tetralones (7c-f) were prepared by classical transformations (Table 1) . Amine tetralone 5 in the presence of benzoyl chloride (BzCl), triethylamine (Et 3 N) and dichloromethane (DCM) as solvent gave benzoyl protected amine 7c in 89% yield (entry 1). 32 The tosyl protected amine tetralone 7d was obtained in 96% yield in pyridine with tosyl chloride (p-TsCl) (entry 2). 33 In a similar manner, base labile Fmoc protected amine 7e was formed in 98% yield with 9-fluorenylmethyloxycarbonyl chloride (Fmoc-Cl) and pyridine in DCM (entry 3). 34 The acetylation of tetralone 6 was achieved using 4-dimethylaminopyridine (DMAP), acetic anhydride (Ac 2 O) in Et 3 N giving acetyl protected ketone 7f in 97% yield (entry 4). 13, 35 Several cyclic olefinic substrates were synthesized via reduction/dehydration protocol. The commercially available hydroxy ketone 8g was reduced with NaBH 4 in MeOH to the corresponding alcohol as a white solid. Dehydration of alcohol at 130 o C in the presence of phosphoric acid (H 3 PO 4 ) gave alkene product 1g in 76% yield ( Table 2 , entry 1). 35 The methoxy functionalized ketones 8h and 8b were also transformed into cyclic alkenes 1h and 1b in 93 and 76% yields, respectively (entries 2 and 3). 13, 36, 37 The benzoyl, tosyl, Fmoc and acetyl protected amino ketones (7c-f) were smoothly converted into desired olefinic substrates (1c-f) in good yields (entries 4-7).
The acetylation of phenol 1g was accomplished with DMAP, Ac 2 O in Et 3 N as solvent, 13 leading to protected alkene 9g in 96% yields (Table 3 , entry 1). Similarly, phenol 1g was also protected with benzoyl group in 94% yield using BzCl and Et 3 N as a base (entry 2). 32 Methyl ethers (1h and 1b) were first demethylated using sodium ethanethiolate (generated in situ) in dimethylformamide (DMF) at 140 o C giving the corresponding phenol, 39, 40 which were acetylated under standard conditions (entries 3 and 4).
Iodine(III) is known to act as single-electron-transfer (SET) for methoxy-substituted aromatic compounds forming reactive cation radical intermediates. 41, 42 The generation of these cation radicals could be a possible reason of rearrangement failure in substrates like 1b, due to their susceptibility towards nucleophilic attack and other side reactions. Thus, we consider that the ring contraction could take place with an acetyl group instead of a methoxy making it useful in the synthesis of oxygen-substituted indanes. Several reaction conditions were tested for the oxidation of alkene 9g with PhI(OH)OTs (HTIB) ( Table 4) . The desired ring contraction product 2g was successfully obtained in 47% yield using trifluoroethanol (TFE)/DCM (1:4) as solvent (entry 1). Using pure TFE, the yield of acetal 2g increased to 66% (entry 2). The deprotection of substrate 9g into phenol 1g was observed when MeOH was used as solvent (entry 3).
With the optimized conditions, ring contraction was successfully carried out in other oxygenated substrates (Table 5) . Benzoyl protected alkene 9gg gave acetal 2gg in 71% yield (entry 1). Acetyl protected alkene 9h smoothly afforded product 2h in 60% yield (entry 2). Acetyl alkene 9b gave acetal 2b in 65% yield (entry 3).
Oxidation with HTIB was also studied in amine protected alkenes (Table 6 ). Benzoyl protected alkene 1c experienced ring contraction giving acetal product 3c in 77% yield in MeOH/DCM (8:1) as solvent (entry 1). DCM was added to solubilize substrate 1c and to increase the rate of reaction. When the reaction was tried in pure MeOH, indane 3c was obtained in 51% yield and took 1 h to consume all starting material (entry 2). The protecting group tolerance was further investigated with Fmoc protected alkene 1e and the anticipated ring contraction product 3e was isolated in 64% yield (entry 3). The reaction of tosyl protected 7-amine alkene 1d with HTIB was also investigated under different reaction conditions (Table 7) . Tosyl amide could have a facilitating effect on ring contraction by increasing electronic density on migrating carbon 4a. 13 However, only the formation of addition products trans-4d and cis-4d were observed in MeOH and in DCM/MeOH as solvents (entries 1 and 2). Fluorinated solvents like TFE and hexafluoroisopropanol (HFIP) proved to be ineffective under the conditions tested (entries 3 and 4).
Oxidation in acetyl protected 6-amine alkene 1f was explored. In this case, amide substituent meta to migrating carbon would decrease the electronic density by inductive effect of nitrogen atom and does not increase directly the electronic density at migrating carbon by mesomeric effect. 13 Several conditions were tested for ring contraction of alkene 1f (Table 8) . Slow reaction and complex mixtures were observed for substrate 1f using HTIB either in MeOH or in DCM/MeOH at different temperatures (entries 1-3). Fluorinated solvents, such as TFE and HFIP/DCM, also did not provide ring contraction product (entries 4 and 5). 
Conclusions
In conclusion, the ring contraction of 1,2-dihydronaphthalenes using HTIB was expanded to substrates bearing oxygen and nitrogen substituents in the aromatic ring. Oxidative rearrangement was successfully carried out in oxygenated substrates independent on their position on aromatic ring. Acetoxy and benzoyloxy alkenes afforded indanes in 60-71% yield. The N-protecting groups Fmoc and Bz are stable under the reaction conditions giving indanes in 64-77% yield. The Ts-protected substrate gave only addition products. The results showed the tolerance of protecting groups in ring contraction reaction mediated by HTIB.
Experimental
All commercially available reagents were used without further purification unless otherwise noted. All solvents used for reactions and chromatography were dried and purified by standard methods. 43 Thin-layer chromatography (TLC) analyses were performed using silica gel 60F 254 precoated plates, with detection by UV-absorption (254 nm) and by spraying with p-anisaldehyde and phosphomolybdic acid solutions followed by charring at ca. 150 °C for visualization. Flash column chromatography was performed using silica gel 200-400 Mesh. All nuclear magnetic resonance (NMR) analyses were recorded using CDCl 3 as solvent and tetramethylsilane (TMS) as internal standard. Chemical shifts are reported in ppm downfield from TMS with reference to internal solvent.
Preparation of substrates

N-(7,8-Dihydronaphthalen-2-yl)benzamide (1c)
To a stirred solution of ketone 5 (0.677 g, 4.20 mmol) and Et 3 N (0.65 mL, 0.467 g, 4.62 mmol) in DCM (35 mL) was added BzCl (0.683 mL, 0.826 g, 5.88 mmol). After 3 h, the reaction mixture was washed with 10% HCl, saturated solution of NaHCO 3 and dried over anhydrous MgSO 4 . Purification by flash column chromatography (40-60% EtOAc in hexane) gave benzoyl protected ketone 7c. 
N-(7,8-Dihydronaphthalen-2-yl)-4-methylbenzenesulfonamide (1d)
To a stirred solution of ketone 5 (0.161 g, 1.00 mmol) in pyridine (5 mL) was added TsCl (0.191 g, 1.35 mmol). The reaction mixture was heated at reflux for 16 h. The solvent was removed under reduced pressure and the crude residue was extracted with EtOAc (3 × 10 mL) and washed with 1 mol L -1 HCl (10 mL), water (10 mL) and brine (10 mL) and dried over anhydrous MgSO 4 . Purification by flash column chromatography (40-50% EtOAc in hexane) gave tosyl protected ketone 7d. 
To a stirred solution of amino ketone 5 (0.484 g, 3.00 mmol) and pyridine (0.29 mL, 3.60 mmol) in anhydrous DCM (25 mL) at 0 o C was added solution of Fmoc-Cl (0.854 g, 3.30 mmol) in anhydrous DCM and the resulting reaction mixture was allowed to stir at rt. After 1 h the solution was acidified with 1 mol L -1 HCl. The product was extracted with DCM (3 × 10 mL) and dried over anhydrous Mg 2 SO 4 . After workup solvent was removed under reduced pressure. The crude product was purified by flash column chromatography (15- 
N-(5,6-Dihydronaphthalen-2-yl)acetamide (1f)
Compound 1f was prepared according to reported protocol in literature. 35 Yield: 0.184 g (98%); white solid; mp: 52.1-53.9 °C (lit. 51.2-54.6 o C).
7,8-Dihydronaphthalen-1-yl acetate (9g)
The reaction was performed using ketone 8g (0.892 g, 5.50 mmol), MeOH (40 mL) and NaBH 4 (0.208 g, 5.50 mmol). After workup, solvent was removed under reduced pressure and 1,2,3,4-tetrahydronaphthalene-1,5-diol (0.885 g, 5.39 mmol, 98.0%) was obtained as white solid and used in the next step without purification. The crude 1,2,3,4-tetrahydronaphthalene-1,5-diol (0.885 g, 5.39 mmol), dissolved in anhydrous tetrahydrofuran (THF) (10 mL) was added with H 3 PO 4 (6 mL). The system was maintained at 80 o C and the reaction was monitored by TLC. The reaction was quenched by addition of saturated solution of NaHCO 3 and the mixture was extracted with EtOAc (3 × 10 mL). The combined organic extracts were washed with brine and dried over anhydrous MgSO 4 . The solvent was removed at reduced pressure and the residue was purified by flash chromatography (10-15% ethyl acetate in hexane) giving alkene 1g. 35 The reaction was performed using ketone 8h (2.000 g, 11.35 mmol), MeOH (80 mL) and NaBH 4 (0.4290 g, 11.35 mmol). After workup, solvent was removed under reduced pressure and crude alcohol (1.986 g, 11.14 mmol, 98.0%) was obtained as white solid and used in the next step without purification. The reaction was performed following using 6-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (1.986 g, 11.14 mmol), toluene (60 mL) and TsOH.H 2 O (cat. few crystals) at 130 o C. The crude product was purified by flash column chromatography (20-40% EtOAc in hexane) giving alkene 1h. 36 Yield: 1.702 g (95%); colorless oil. Under inert atmosphere N 2 , NaH (6.24 g, 260 mmol, 60% in mineral oil) was washed with anhydrous hexanes (3 × 20 mL). After a few minutes, anhydrous DMF (75 mL) was added. To this mixture was slowly added a solution of EtSH (13.0 mL, 180 mmol, 30 equiv based on olefin 1h) in anhydrous DMF (14 mL) at 0 °C and the resulting yellow solution was stirred for 20 min at rt. A solution of alkene 1h (0.961 g, 6.0 mmol) in DMF (15 mL) was then added dropwise and the resulting mixture was stirred for 5 h at 140 °C. When the reaction was becoming slightly brown, the mixture was cooled to the rt and a saturated solution of NH 4 Cl was added. The mixture was extracted with Et 2 O. The organic phase was washed with water, brine and dried over anhydrous MgSO 4 . The solvent was removed under reduced pressure. The crude product was purified by flash column chromatography (20-40% EtOAc in hexane) giving 7,8-dihydronaphthalen-2-ol. 39 Yield: 0.851 g (97%); viscous colorless liquid. The reaction was performed using 7,8-dihydronaphthalen-2-ol (0.365 g, 2.50 mmol), DMAP (0.09 g, 0.07 mmol) and Ac 2 O (0.9 mL, 9.5 mmol) in Et 3 N (10 mL). Purification by flash column chromatography (3-5% EtOAc in hexane) gave acetyl protected alkene 9h. 48 Yield: 0.398 g (85%); colorless liquid.
5,6-Dihydronaphthalen-2-yl acetate (9b)
The reaction was performed using ketone 8b (0.705 g, 4.00 mmol), MeOH (40 mL) and NaBH 4 (0.152 g, 4.00 mmol). After workup, solvent was removed under reduced pressure and crude alcohol (0.691 g, 3.88 mmol, 97%) was obtained as white solid and used in the next step without purification. The reaction was performed using 7-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (0.691 g, 3.88 mmol), toluene (40 mL) and TsOH.H 2 O (cat. few crystals) at 130 o C. After workup solvent was removed under reduced pressure. The crude product was purified by flash column chromatography (1-2% EtOAc in hexane) giving alkene 1b. 13, 37 Yield: 0.488 g (78%); colorless liquid. The reaction was performed using alkene 1b (0.481 g, 3.00 mmol), NaH (3.12 g, 130 mmol, 60% in mineral oil), EtSH (6. 
To a solution of alkene 1l (0.125 g, 0.500 mmol) in MeOH/DCM (8:1) (10 mL) was added HTIB (0.235 g, 0.60 mmol) at 0 °C for 10 min. The reaction was quenched with a saturated solution of NaHCO 3 . The reaction mixture was extracted with EtOAc (3 × 15 mL), washed with brine (2 × 10 mL) and dried over anhydrous MgSO 4 
The reaction was performed using alkene 1e (0.183 g, 0.50 mmol), HTIB (0.235 g, 0.60 mmol) and MeOH/DCM (4:1) (10 mL) at 0 °C for 10 min. 13 The crude product was purified by flash column chromatography (15- The reaction was performed using alkene 1d (0.150 g, 0.50 mmol), HTIB (0.235 g, 0.60 mmol) and MeOH (10 mL) at 0 °C. 13 The crude product was purified by flash column chromatography (20-50% EtOAc in hexane) giving trans-4d, cis-4d and starting material 1d (0.021 g, 0.070 mmol, 14%) was recovered. 
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